Differential bioavailability of copper complexes to bioluminescent Pseudomonas fluorescens reporter strains.
Increased levels of Cu in agricultural soils are of concern, because Cu toxicity may adversely affect important soil microorganisms, including pseudomonads. Because total metal concentrations correlate poorly with bioavailability and toxicity, a need exists for more information linking Cu speciation, bioavailability, and toxicity. The objective of the present study was to determine the bioavailability of different Cu complexes to Pseudomonas spp. A Cu-specific bioluminescent Pseudomonas fluorescens reporter strain was used to determine bioavailable Cu, which was operationally defined as those Cu species that induced expression of bioluminescence. Another strain of P. fluorescens, which continuously expressed bioluminescence, was used as a toxicity reporter. Experiments were performed in a defined aqueous medium containing 0.04 microM Cu, which was amended with ethylenediaminetetraacetic acid (EDTA), citrate, or a well-characterized pool of dissolved organic matter (DOM). Bioluminescence emitted by the biosensors was related to data for Cu speciation obtained by geochemical modeling. Changes in Cu bioavailability in the presence of EDTA coincided with modeled changes in Cu2+ activity, indicating that Cu-EDTA complexes were not bioavailable to the Cu-specific reporter. In contrast, changes of Cu bioavailability in the presence of citrate did not correspond to changes in Cu2+, indicating that Cu-citrate complexes were fully bioavailable to the reporter strain. Finally, the response of the Cu-reporter strain to Cu in the presence of DOM indicated that Cu formed bioavailable as well as unavailable complexes with DOM. We conclude that free Cu2+ activity is a poor predictor of Cu bioavailability to Pseudomonas spp. in samples containing organic ligands.